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DISPLAY DEVICE AND DRIVE CONTROI, METHOD THEREFOR . 



BACKGROUND OF THE INVENTION 

1- P±eld o£ the Inventxon 

Tli±s xnventxon ireXates 1:o a display device used 
for a monltoir fox* a computei: and a television, and 
particularly a display device having three terminals of 
an anode, a cathode, and a gate, in which the cathode 
and the gate are connected in a matrix manner .and a 
drive control method therefor. 

2- Description of the Related Art 

Recently, a flat -typed display aevice has been 
noticed which uses an electron emission element. 

The electron emission element is grouped as a hot 
cathode type and a cold cathode type. The cold cathode 
type is mainly used for the display panel of the flat- 
typed display device. As such a. cold cathode type, a 
field emission type (hereinafter called "FE-type"), a 
metal/insulating layer/metal (hereinafter called 'MIM- 
type"), a surface conducting type (hereinafter called 
*SC-type") and so on are known. 

A famous FE-.typed example is disclosed in 
following document; "C . A . Spindt » "Physical properties 
of thin -film field emission cathodes with molybdenium 
cones", J.Appl-Phys. ,47, 5248 (1976). A known MIM- typed 
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example ±s disclosecl In following document; *C.A.Mead, 
^Operation of Tunnel-Emlsslon Devices", 

J • Appl .Pliys . , 32 , 64 6 (1951). A known SC- typed example 
is disclosed in following document; "M. I . Elinson ^ Radio 
Eng. Electron Pliys - , 10,1290(1965). 

A display panel using any of the electron emission 
elements as an electrical source is realized by a 
constitution having a substrate where cathodes and 
gates are formed in XY-matrix manners, and anodes 
having a fluorescent member opposing to the substrate 
are arranged* thereby electrons emitted from an 
electron emitter of the cathode are irradiated onto 
the fluorescent member at the anode side resulting in 
allowing the fluorescent member to be emitted. 

As such an electron emitter, an electron emitter 
made of a carbon group material or a fibrous material 
having a smaller working function for electron emission 
and a lower threshold voltage is being noticed. 
Examples of usage of these electron emission elements 
are disclosed in before -mentioned Patent documents 1 to 
3. 

In any of these documents « it is disclosed that 
fluerene, diamond, diamond^like carbon (DLC), carbon 
nano tube (CNT) , fibrous carbon, or the like is used as 
an electron emitter. 

Thus in case of three terminals type of an 
electron emission device having a lower threshold 
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voXtage, a voltage is not applied between cathode and 
gate* Merely a normal high voltage (called * anode 
potential") lias only to be applied between anode and 
cathode, resulting in that electrons are emitted from a 
electrical releasing member being provided at the 
cathode under field electron emission phenomenon. 
Accordingly, when emitted, electron emission is 
performed without applying a voltage between cathode 
and gate. On the other hand, when not emitted, 
electron emission is refrained by applying a stop 
voltage between cathode - gate . An operation like this 
will now be defined as "normally-on- type" operation. 

Hereinafter, a single normally- on -type electron 
emission device using an electrical emitting member 
made of carbon fiber will be picked up and explained as 
an example. 

FIG*12A and FXG.12B are schematic views showing a 
voltage distribution of a single electrical releasing 
member. FXG.12A shows a voltage distribution in a 
drive state in which electron emission is performed. 
FIG.12B shows that in a stop state in which electron 
emission is stopped. 

In a state shown in FIG.12A, an electrical field 
which is larger than a threshold value electrical field 
that electron emission will be started in an electron 
emitter 5 oh a cathode 2, is generated only using a 
voltage between the cathode 2 and an anode 6. Namely, 

3 



FIG.12A shows a drive s-tatie in which. an electiron 
emission occur-s . Now, such a state is caXXedL 

^normally-on-state* . 

For example, i£ a threshold electrical field of 
the electron emission member 5 is defined hy 3 V/UfXt, if 
the anode 6 is provided at a position of 2 mm away from 
the cathode 2, and if the cathode voltage is applied by 
0 V and the anode potential between the cathode 2 and 
the anode 6 is applied by 6 kV, the electron emission 
will be started. 

In order to establish a preferable normally-on- 
state, higher anode potential may be applied. The 
anode potential may be decided depending on an 
electrical field intensity by which a necessary current 
density can be obtained by a voltage -current 
characteristic of the electrical emission device. 

For example, if the necessary current density is 
obtained at the electrical field intensity having 5 V/ 
/zm and if the anode 6 is provided at a position of 2 mm 
away from' the cathode 2, 10 IcV has only to be applied 
as the anode potential. 

FIG. 12A shows a mode of equipotential surfaces at 
this time. In FIG.,12A, there exist the substantially 
equipotential surfaces between the anode 6 and the 
electron emitter 5, and the electrical field_, intensity 
near the electrical emitter 5 becomes about 5 V/ xx m, 
resulting in that electron emission will occur. 
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Fuxrtihesc, a voX^age to be applied between tlie 
cathode 2 and tlie gate 4 £or electron emission should 
be a voltage except £or a voltage which prevents the 
electron emission by the anode potential. Namely, any 
voltage except for O V can be also available . More 
preferably, the voltage may be a voltage which provides 
no uncomfortable affection to the electrical field 
intensity. In the above -mentioned normally-on-state, 
an example is shown in which the voltage is set to be O 
V. 

On the other hand, in the state shown in FIG.12B, 
if a negative potential is supplied to a gate 4 with 
respect to a cathode 2, an electrical field intensity 
to be received from the anode 6 becomes smaller near an 
electrical emitting member 5 i.e. , the electrical field 
intensity becomes Intensity of a necessary threshold 
value electrical field or smaller, resulting in that 
the electron emission is stopped. The voltage between 
the cathode 2 and the gate 4 at this time is called 
*stop voltage" • 

The egulpotential surface when a stop voltage is 
applied between the cathode 2 and the gate 4 will be 
explained as follows. As shown in FIG.12B, voltage of 
eacb of The cathode 2 and the electrical emitting 
member 5 is .0 V while potential of the gate 4 becomes 
negative, so that a distance between the equivalent 
voltage surfaces near the electrical emitting member 5 
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becomes wider, resuming ±n 'that it wlXX t>e foun<i tlial: 
tlie electrlcaX ^xeld becomes smaXXer. 

Tlie stop voXtage to be appXled between tbe catbode 
2 and the gate 4 at this time wiXX be decided as 
foXXows. First, necessary eXectricaX iEieXd intensity 
is decided by a threshoXd vaXue eXectricaX fieXd o£ the 
eXectricaX emitting member 5 and a necessary eXectricaX 
fieXd intensity by the anode potentiaX in a norraaXXy- 
on-state, and thereafter the stop voXtage is properly 
decided by design of a dimension of the electrical 
emitting member 5, a distance between a cathode and a 
gate, a dimension of a gate and so on. 

As above, in the normally -on -typed electrical 
emitting member, electron emission is performed merely 
by applying a voltage between a cathode and an anode, 
and electron emission is controlled by stopping 
electron emission by applying a stop voltage between 
the cathode and a gate. As a result, there is no 
necessity that a voltage between cathode and gate 
becomes equal or more than a threshold value, resulting 
in that stable drive control becomes possible at lower 
voltage . 

[Patent document 1] 

Japanese Patent Laid-open No . 2000-251783 gazette 
[Patent document 2J - 

Japanese Patent Laid-open Ho . 2000-268706 gazette 
[Patent document 3] 



Japanese Pat:ent: I«a±d-open No • 2002- 100279 gazet-Ce 

Thien, it: has been considleired that such a normally- 
on-'typed electron em±ss±on devjlce ±s applied to an XY- 
matrix-typed and flat-typed display device. In a case 
where such a flat -typed display device, a voltage is 
applied between, cathode and gate, which provides an 
electrical field intensity having a value being equal 
to or more than a threshold value, and when a stop 
voltage is not applied between cathode and gate, all^ 
white-display will, be performed at a most luminosity 
over all the surface of the display screen. 

Accordingly, when such a flat -typed display device 
is used as a television or a computer monitor, if the 
all-white--display is performed even for a short time, a 
user often incorrectly recognizes that the device might 
be out of order and/or feels uncomfortable* 

Further, like the above-mentioned fibrous material 
or nano constitutional body, when an electron emitter 
having a relatively low threshold value voltage for 
emitting electrons, if a voltage between a cathode and 
a gate lies under no- control state, a condition is 
continuously kept that electron emission is apt to 
occur owing to the voltage between the cathode and an 
anode, resulting in that though all-white display might 
not be established at a most luminosity, there might be 



a £eazr that XJLglit -emission occurs owing to 
unintentional electron emission. 

Above all, all-white -display and unintentional 
electron emission are apt to occur in a case where an 
anode potential is transited £rom a stop state to a 
supply state depending on occurrence o£ a display start 
signal, for example when the display device Itself is 
turned on and/ or when the present display mode is 
switched from a non- display mode to a display mode in 
order to save electrical power. 

SUMMARY OF THE INVENTION 

The present Invention has its object to provide a 
display device and its display control method which can 
control occurrence of unintentional display state 
and/or unintentional light emission, in a case where an 
anode potential is changed from a stop state to a 
supply state depending on occurrence of a display start 
signal* 

In the present Invention, in order to overcome the 
above problems, an electron source Is used a cathode, 
which has a threshold value such that electron emission 
is performed in a state where an anode voltage is 
applied between cathodes and anodes. In a display 
device such as a flat -typed display which is XY-matrlx- 
typed which controls display state by stopping electron 
emission by applying a stop voltage between a cathode 
and a gate near the cathode, for example, in such a 
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case wliere a power is on, since a d±spXay s1:ax^±n9 
signal Is geneiratied, after a predetermined control 
voltage Is at least applied between tlie cathode and tlie 
gate* an average electrical field intensity wliicli 
generates by the anode voltage becomes not less than a 
threshold value of the electron source . 

The gist of the present invention is stated as 
below. 

(1) A display device comprising: 

a display panel having cathodes, gates ^ and anodes 
in which the cathodes and the gates are connected in a 
matrix manner; 

an electron emitter which may emit electrons in a 
state where a voltage is applied only between the 
cathodes and the anodes and which is provided with the 
cathode; 

in which display of each of pixels is performed 
under a dark state by stopping electron emission from 
the electron emitter for the anodes by applying a stop 
voltage between the cathodes and the gates ^ and 

a control means which controls operation of a 
circuit for driving a display panel in such a way that 
a potential of each of the anodes becomes not less than 
a threshold value potential by which the potential of 
each of anodes can perform electron emission from the 
electron emitter after a predetermined time elapse from 
starting of application of a drive voltage which may 
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provide a spec±£±ed display st:at:e or the st:op voltage 
between the cathodes and the gates when a display 
starting signal Is generated. 

Thereby^ when a potential of anode is transited 
from a stop state to a supply state corresponding to 
generation of the display starting signal, occurrence 
of unintentional display state and unintentional light 
emission can be refrained • 

(2) The display device according to (1), wherein 
application of the stop voltage between the cathode and 
the gate and the drive voltage which may provide the 
specified display state is performed for all the pixels 
of the display panel at the same time* 

Thereby, when a potential of an anode is transit 
from a stop state to a • supply state according to 
occurrence of a display starting signal, so that a 
whole image screen can be held in all -black (dark) 
state at the lowest luminosity level or a specified 
display state. 

( 3 ) The display device according to ( 1 ) , wherein a 
scanning selective potential is supplied to at least 
one line scanning wiring, a scanning non- selective 
potential is supplied to the remaining scanning wirings^ 
a predetermined potential which generates the darkest 
state for each pixel is supplied to all the columns of 
the display panel in synchronization with supply of the 
scanning selective potential or a predetermined 
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inoduXatibn po-tentXaX Is supplied, 

whereby the stop voltage or the cirive voltage 
which may provide the specified state Is applied 
between the cathodes and gates . 

Thereby, using an operation as same as a usual 
display operation, even when a potential o£ the anode 
is transited from a stop state to a suppXy state 
resulting in an anode potential corresponding to aXl- 
white (light), a screen image can be held under all- 
black (dar)c) state or a specified display state* 

(4) The display device according to (1), wherein 
the display panel dx-ive circuit has : 

an anode power supply circuit for supplying the 
anode potential ; 

a cathode drive circuit for driving the cathodes ; 

a gate drive circuit for driving the gate; 

and 

a drive power supply circuit for supplying a 
driving reference voltage for generating a drive 
voltage which may provide the stop voltage or the 
specified state to the cathode drive circuit and the 
gate drive circuit.. 

Thereby, a power supply state to each of circuits 
can be finely controlled. 

(5) The display device according to (4), wherein 
the drive power supply circuit starts supplying the 
driving reference potential under a state where a dx-ive 
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poten1:±al fox- a logic circuit to the cathode drive 
circuit and the gate drive circuit, suppXy of the 
driving reference potential starts, and thereafter the 
cathode drive circuit and the gate drive circuit start 
application of the stop voltage or the driving voltage 
which vckBY provide the specified display state. 

Thereby, a high voltage is applied to the device 
after a low voltage is applied thereto, and a voltage 
is sequentially applied to each of circuits, so that an 
erroneous operation and breakage of the circuits • 

(6) The display device according to (4), wherein a 
terminal when application of the stop voltage or the 
driving voltage which may provide the specified display 
state, 

the anode power supply circuit holds the anode so 
as to have a specified potential sufficiently lower 
than the threshold value potential which may emit 
electrons from the electron emitter under a state where 
a drive potential for a logic circuit is supplied to 
the anode power supply circuit . 

Thereby, electrostatic charging of anode is 
prevented, so that a timing when a potential of the 
anode is over a threshold value* 

(7) The display device according to (4), wherein 
after application of the stop voltage or the drive 
voltage which may provide the specified display state 
starts, application of drive voltage is permitted based 
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on Input display linage data tjzom the catliode dx-xve 
circuit and tlie gate dxrlve circuit to the display panel. 

Thereby, defect of display can be prevented, so 
that display based on input display linage data can be 
smoothly transited . 

(8) The display device according to (1), wherein 
after the voltage between cathodes and gates Is 
transited from an unstable state to zero, application 
of the stop voltage and the drive voltage which may 
provide the specified display state starts* 

Thereby, inferior affection can be prevented owing 
to electrostatic charging* 

( 9 } The display device according to ( 1 ) , wherein 
any one of first and second supply steps is adopted, 

the fist step of supplying scanning non-selective 
potential which may apply the stop voltage irrespective 
of a potential of the other wiring to any one of 
cathode wirings and gate wirings which are defined by 
scanning wirings of the display panel: and 

the second step of supplying a modulation 
potential which may apply a drive voltage that provides 
the specified display state or the stop voltage 
irrespective of a potential of the other wiring defined 
by the scanning wirings to any one of cathode wirings 
and gate wirings which are defined by modulation signal 
wirings : 

whereby the stop voltage or the drive voltage 
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whlcti may p3rov±de i:lie spec±£±ed display s-tate Is 
applied between ttie cathodes and gates . 

Thex-eby* unintentional emission of Image scr-een 
can be prevented merely using a drive circuit at a 
scanning side or a modulation signal side. 

(10) Tbe display device according to (1)^ wherein 
a modulation potential to be supplied to any one of the 
cathode wiring and the gate wiring which are defined by 
modulation signal wirings of the display panel is a 
potential selected from three or more levels, and 
potentials at two or more levels from among them are 
potentials which generate a drive voltage which may 
emit electrons by allowing the two or more level 
potentials to be supplied in synchronization with the 
scanning selective potential, and one of them is a 
potential which generates the stop voltage. 

(11) The display device according to (1), wherein 
the electrical emitter is a fibrous constitutional body 
made of semiconductor or conductor or a nano 
constitutional body whose main content is carbon. 

(12) The display device according to (11), wherein 
the nano constitutional body Includes at least one kind 
selected from carbon nanotube, graphite nanoflber, 
amorphous carbon, carbon nonohorne, graphite, diamond 
nice carbon « diamond and fullerene. 

(13) A drive control method for a display device 
having a display panel having cathodes, gates, and 
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anodes ±n wli±cli t:Iie ca^tiodes and tlie gates ar-e 
connected ±n a mat2ri.x manner; and an electron emitter- 
which may. em±t eXectrons In a state where a voltage ±s 
applied only between the cathodes and the anodes and 
which Is provided wxth the cathode; din which dlspXay of 
each of pixels Is performed under a dark state by 
stopping electron emission from the electron emitter 
for the anodes by applying a stop voltage between the 
cathodes and the gates, 

the method comprising: 

a application step of applying the stop voltage or 
a drive voitage which may provide a specified display 
state between the cathodes and the gates when a display 
starting signal is generated; and 

an anode voitage supplying step of allowing a 
potential of the anode not to be less than a threshold 
value potential which may emit electrons from the 
electron emitter after a predetermined time eiapse from 
starting of the application step. 

(14) The drive control method for the drive device 
according to ( 13 ) « wherein 

a driving power supply circuit starts supplying a 
driving reference potential for generating the stop 
voltage or a drive voltage which may provide the 
specified display state to the cathode drive circuit 
and the gate drive circuit under a state where a drive 
potential for a logic circuit is supplied to a cathode 

15 



drive circuit and a gate drive circuit; 

thereafter, the application step starts, and at a 
starting time of the appXication step, an anode power- 
supply circuit holds the anode at a specified voltage 
which is sufficiently lower than a threshold voltage 
which may perform electron emission from the electron 
emitter under a state where the drive potential for the 
logic circuit is supplied to the anode power supply 
circuit ; and 

further thereafter^ the anode potential supplying 
step starts, the anode is held at a voltage which is 
sufficiently higher than the threshold potential which 
may perform electron emission from the electron emitter, 
and application of the drive voltage for display is 
permitted based on a display image input to the display 
panel from the cathode drive circuit and said gate 
drive circuit . 

DESCRIPTION OF THE DRAWINGS 

FIG.l shows a timing chart of drive control method 
of display device according to a first embodiment of 
the present invention. 

FIG. 2 shows a partially exploded schematic drawing 
of a display panel used in the fist embodiment of the 
present invention . 

FIG. 3 shows a block diagram of drive control 
system of display device in the fist embodiment of the 
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P3resen'k xnventloxi* 

FIG. 4 snows a block: diagram o£ drive control 
sys-texn of display device in the second embodlmenl; of 
tlie present invention. 

FIG. 5 sliows a timing chart of drive control system 
of display device in the second embodiment of the 
present invention. 

FIG .6 shows a circuit arrangement view showing one 
example of drive power supply circuit used in the 
second embodiment. 

PIG, 7 shows a circuit arrangement view showing one 
example of row-direction circuit used in the second 
embodiment . 

FXG.8 shows a circuit arrangement view showing one 
example of column -direction circuit used in the second 
embodiment . 

FIG. 9 shows a circuit arrangement view showing one 
example of anode power supply circuit used in the 
second embodiment . 

FIG. 10 shows a bloclc: diagram of drive control 
system of display device in the third embodiment of the 
present invention . 

FIG. 11 shows a timing chart of drive control 
system of display device in the third embodiment of the 
present invention . 

F1G.12A and FIG.12B are schematic views for 
explaining about operation of electrical emission 
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DETAir.ED DESCRIPTION OP THE INVENTION 

Hereinafter- • an aspect of preferable embodiment of 
tlie present Invention will be explained Illustratively 
and In detail, referring to attacbed drawings. It 
should be noted tbat dimension, material, figure, 
arrangement , and so on described In tbe embodiment , 
except for particularly specified description, a scope 
of the present Invention Is not limited to merely them. 
(First Embodiment) 

PX6.1 shows a timing chart for explaining about a 
drive control method of display device In the first 
embodiment of the present Invention. FX6.2 shows a 
constitution of display panel used In the first 
embodiment of the present invention. FIG-3 shows a 
block diagram of drive control system of display device 
In the fist embodiment of the present invention. 

A display device. I.e., a flat-typed display 
relating to the present embodiment, a plurality of 
electron emission elements being matrix-connected are 
arranged in a matrix manner. 

The constitution shown in FIG. 2 has an electrical 
source substrate 201, a face plate 206, an outside 
frame 214, row-direction wirings 211, column- direction 
wirings 212, and a normally-on-typed electron emission 
device . 
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A fluorescent znember 2 08 wli±cli ±s provided, as an 
xmage forming member on tlie face plate 206 
corresponding to tlie top portion of the electron 
emission device 20O Is disposed and aligned, opposing 
to the simple matrix electrical source substrate 201. 

An aluminum group wiring material Is provided on 
the fluorescent member 208 as a metal bacK 209 which Is 
functioned as a high voltage applying conductor by 
vapor deposition or the like. A high voltage terminal 
213 for providing a high voltage is electrically 
connected to the metal back 209. 

An anode substrate 207 is provided on a surface of 
the fluorescent member 208 at the side being opposite 
to the metal back 209. 

In FIG. 2. the row-direction wirings 211 are 

constituted by C1,C2 Cm, i.e. m-numbers of wires, 

arranged in a striped manner, and each of the wires 
forms the cathode 202. The row-direction wirings 211 
are made of a conductive material such as aluminum or 
silver formed using vapor deposition or the like. It 
should be noted that material, thickness « and width of 
the wiring are appropriately designed, and the 
manufacturing method is also appropriately selected. 

An electron emitter 205 is formed at the position 
of the electron emission device 200 on the cathodes 202 
which are arranged in the stripe manner. It should be 
noted that the electron emitter 20 5 may be made of 

19 



carl>on gzroup havxng a low eXectsrlcal em±tti.ng t:hx'es]ioXd 
value as above -men-txoned ox* flbxous nano-consi:±t:u't±onal 
body made o£ conductor'. 

Tlie row-directxon wirings 211 are consHiHuted by 
61^G2, ,Gn, i.e. n-numbers o£ wires, wtiicb are 

arranged in a striped manner, being perpendicular to 
the row-direction 211. Each o£ the wirings forms a 
gate 204. 

The gates 20 4 being arranged in the stripe manner 
are provided with a hole portion 210 having an opening 
at a portion corresponding to the above portion of the 
electron emitter 205 of the cathode 202. 

The gate 204 and the hole portion 210 arranged in 
the stripe manner on the cathode 202 (Cl) lying at the 
most front side are not shown for easier viewing. 

The cathodes 202 are arranged at the row- direction 
wirings 211 while the gates 204 are arranged at the 
column-direction wirings 212. However, this 

arrangement can be reversed* 

An insulator layer between the other layers , which 
is unshown for easier viewing, is arranged between m- 
numbers row-direction wirings 211 and n-numbers column- 
direction wirings 212. By the insulator layer, 
electrical insulating state is established (m, n: 
positive integral numbers). It should be noted that 
such an insulator layer is not disposed at portions 
corresponding to the electron emitter 205 and the hole 
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portion 210. 

Tlie unshown Insulator layer between the otlier 
layers are formed using a sputtering method or the like. 
For example, the insulator layer over a whole surface 
or a part of the surface of the electricai source 
substrate 201 in which the row-direction wirings 211 
are formed. Particularly, regarding as the insulator 
layer, thickness « material, processing method, or the 
like are appropriately selected so as to endure a 
potential difference of a cross section between the 
row-direction wirings 211 and the column -direction 
wirings . 

The row-direction wirings 211 and the column- 
direction wirings 212 are drawn out as external 
terminals , respectively . 

In the present embodiment* a pair of electrode 
layers in itself by which the electron emission element 
200 is constituted also serves as function of m-numbers 
of row- direction wirings 211 and n- numbers of column- 
direction wirings 212. Further preferably, following 
arrangement is available. A cathode 202 and a gate 204 
are arranged independently of wiring by each element. 
A plurality of Y-direction independent gates 204 are 
commonly connected using the column-direction wirings 
while a plurality of X-direction independent gate 202 
are commonly connected using the column-direction 
wirings - For this arrangement , it is preferable that 
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t:he gate electrodes and the gate wl.r±n9s , and the 
cathode electrodes and the cathode w±rlngs are 
separately formed, respectively* 

As shown in FIG. 3, a scanning signal applying 
means 301 which applies a scanning selective signal for 
selecting a row of the electron emission element 200 
arranged in X-direction is connected to the row- 
direction wirings 211. 

On the other hand, a modulation signal applying 
means 302 for modulating each column of the electron 
emission device 200 arranged in Y-direction is 
connected to the column -direction wirings 212. 

A stop voltage between cathode 202 and gate 204 
which applies to each electron emission element 200 is 
supplied as a differential voltage between a modulation 
signal and a scanning signal to be applied to the 
element 200. It should be noted that in the present 
embodiment, the row-direction wirings 211 are regarded 
as the cathodes 202, to which a zero potential or a 
positive potential is supplied as the scanning signal 
while the column -direction wirings 212 are regarded as 
the gate 204 , to which a zero potential or a negative 
potential is supplied as the modulation signal. 

The electron emission device 200 by which each 
pixel is constituted, is driven as follows* 

A high potential is supplied to a metal-back 209 
(hereinafter called "anode*). An anode potential is 
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retained as an enough vaXue -to ein±t: electx^ons £xrom tlie 
eXectzron emitter 205 depending on a voltage between tlie 
catliode 202 and the gate 204. 

Under such a condition « a positive potential Is 
supplied as a scanning-no-selection voltage (which is a 
voltage i£ a scanning is not selected) to the cathode 
202 o£ the row-direction wirings 211, which corresponds 
to non- selective scanning. And a zero potential is 
supplied as a scanning selection voltage to the cathode 
202 ot the row-direction wirings 211, which corresponds 
to selective scanning. At the same time, a zero 
potential or a negative potential is supplied as a 
modulation signal for the gate 204 of the column- 
direction 212. 

Without depending on a potential (zero potential 
or negative potential) of the modulation signal in the 
non-selective row, a voltage between the cathode 202 
and an anode is set to a value which does not generate 
electron emission from the electron emitter 205, so 
that an electron is not emitted from an electron 
emitter 205 lying on non-selective row, and ' a pixel on 
the row is not lighted on. 

On the other hand, in the element for which the 
modulation signal having a zero potential is provided 
in a selective row, a voltage between the cathode 202 
and the gate 204 becomes zero. An operating voltage 
between the cathode 202 and an anode is over a 
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tlifeslxold value voltage o€ an electron exD±ss±on, so 
tliat electr-ons are emlttea from the element (emitter) 
and a pixel Is llglited. In the present Invention, even 
in case of normally-on, an only condition of a voltage 
to be applied between a cathode and a gate. for electron 
emission is satisfied that the voltage is not for 
preventing electron emission owing to an anode 
potential (operating voltage between anode and cathode), 
i.e., not limited to O V. Namely, regarding as a bias 
condition, a gate somewhat may have a positive voltage 
with respect to a cathode. 

In an element to which a modulation signal having 
a negative voltage is provided in a selective row, a 
voltage between the cathode 202 and the gate 20 4 
becomes a stop voltage. In spite of that a voltage 
between the cathode 20 2 and an anode is over a 
threshold value of electron emission, by affection of 
potential of the gate, an electrical intensity at a 
real electron emitter 205 is not over a threshold value 
of an electron emission, so that an electron is not 
emitted from the element and a pixel is not lighted. 

Such a scanning is perfoxrmed, sequentially 
selecting at least one row, so that scanning of a 
single screen field will be completed and an image will 
be displayed corresponding to an input image data to be 
displayed. 

Now, a display starting sequence will be explained, 
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referring to FIG.l and FXG.3. 

As shown ±n FIG. 3^ a necessary signal In order -to 
generate a scanning signal and a modulation signal, 
respectively are supplied to a scanning signal applying 
means 301 and a modulation signal applying means 302, 
from a control circuit 303 as a control means. Also, a 
control signal in order to control operation of an 
anode power supply circuit 304 is supplied from the 
control circuit 303. 

A main power supply 305 is provided at an upstream 
side of power supplying in order to - supplying a 
. necessary voltage for operation of the control circuit 
303 and the anode power supply circuit 304. 

Here, it should be noted that the other signal 
processing circuit necessary for displaying an image, 
or details of constitutions of the scanning signal 
applying means 301 and the modulation signal applying 
means 302 are omitted. 

As shown in FIG.l, when a power supply switch at 
an upstream side is turned on« a display starting 
signal DS of high level at tlme^to is generated at the 
control circuit 303 by power supply from the main power 
supply 30 5. 

After a predetermined necessairy time elapse in 
order to activate the scanning signal applying means 
301 and the modulation signal applying means 302 since 
the display starting signal DS generates , at time tl , a 
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pos±1:lve pot:en1:±aX suppXy will staxt: £roin t:he scanning 
signal applying means 301 to the catliode 202 « and at 
tlie substantial same time, a negative potential supply 
will stazrt fz-om the modulation signal means 302 to the 
gate 204. 

While a period from generation of the display 
starting signal DS to application of a scanning non- 
selective signal (Vx) having a positive potential and a 
modulation signal (Vy) having a negative potential. If 
voltage of the cathode 202 or the gate 204 is not 
constant, there is possibility that a voltage between 
the cathode 202 and the gate 204 is over an electron 
emission threshold value of the electron emitter 205 
resulting In electron emission. Accordingly « If 

necessary. It Is desirable that potentials of the 
cathode 202 and the gate 204 should be maintained at 
the same value. Usually, a relationship of Vx=Vy=OV is 
desirable . 

In order to supply a stop voltage between the 
cathode 202 and the gate 204, a voltage of at least one 
of the row-dlrectlon wirings 211 and the column- 
direction wirings 212 Is changed into a voltage that 
can apply the stop voltage to the device. Thereafter 
after a predetermined delay time Td elapse, supply of 
the anode potential Va for a high-voltage terminal 213 
will start at a tdLme t2 so that the anode potential Va 
Is over a voltage Vth at which an electrical field 
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±nt:en8±t:y can be obtaxned ovex- a tbxesbold vaXue 
electzxxcal £i.eld ±nt:ens±'ty when an electron emits* 

As above ^ in tbe present: embodiment: , tbe cathodes 
202 are defined by the row-direction wirings 211 while 
the gates 204 are defined by the column- direction 
wirings 212. Accordingly, control may be performed so 
that a modulation signal at the side of the column- 
direction wirings 212 becomes • a negative voltage which 
can generate a whole stop voltage, i.e., so that data 
which performs all-blacJc display as a display image 
data, is applied from the control circuit 303 to the 
modulation signal applying means 302- In this case, 
the scanning signal may be at a scanning selective 
potential (zero potential) or may be at a voltage high 
than that voltage. 

Alternatively, all the scanning signals of the 
row-direction wirings 211 may be at a positive voltage 
which may generate a stop voltage. In this case, the 
scanning signal may be at a zero potential or at a 
voltage smaller than zero. Therefore, both a black 
display data (negative voltage) and a white display 
data (zero potential) are available. 

Xn the sequence of FIG.l, scanning signals at all 
the row-direction wirings 211 are defined by a positive 
potential while scanning signals at all the column - 
direction wirings 212 are defined by a negative 
potential. A stop voltage is made to be larger, which 
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Xs appX±ed bet:ween ttie ca^Hode 202 and lilie ga-te 204 « so 
tliat an example in wh.xoh an electron emission is surely 
prevented. As above, a voltage of any one of tlie 
cathode 202 and tlie gate 20 4 may be defined by a 
volliage whicb may generate tbe stop voltage. 

A transition time at eacb of the voltages can be 
realized by control of the control circuit 303, 

Additionally, considering over dispersion of 
standing time of supplying potentials such as Vx, Vy, 
and Va owing to difference of performance of 
constitutional parts, dispersion value electrical field 
between a plurality of electron emission elements, or a 
case where a voltage -current characteristics of the 
electron emission element has a hysteresis, it is 
desirable that a time Td when Va becomes a voltage Vth 
which generate a threshold value electrical field of 
the electron emitter 205 since Vx and Vy become a 
predetermined potential value « is not less than 
substantially 17 ms or more preferably not less than 33 
ms . 

After the anode potential Va becomes constant 
after the anode potential Va has been made to be high, 
a usual scanning signal and a usual modulation signal 
are supplied from the scanning signal applying means 
301 and the modulation signal applying means .302. Thus, 
by control them using the control circuit 303* a usual 
image display will be performed based on an input 
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display Image aaHa. 

Then, ^±ine cont:x'ol (±.e., pulse wldtrh znodulaHlon) 
may be performed by a pulse width at: a zero potential 
o£ the modulation signal In order to perform a 
gradation display o£ an Image. 

By such a sequence , a phenomenon can be prevented 
that ail-whlte-llght-on Is established over all the 
screen by the lightest luminosity when the display 
starting signal DS occurs, e.g., when a switch Is on, 
or. when display restarts. 

Additionally, following method Is also available. 
First, the anode potential Va starts to be supplied 
before a predetermined stop voltage starts to be 
applied between the cathode 202 and the gate 204. 
Secondly, a timing can be decided so that a stop 
voltage Is applied between the cathode 202 and the gate 
204 before the anode potential Va is over the threshold 
potential Vth- However, There is always no possibility 
that an electrical field intensity between the cathode 
202 and the anode is over a threshold value electrical 
field and electrons are emitted. It is desirable that 
the anode potential Va starts to be supplied after a 
stop voltage is applied between the cathode 202 and the 
gate 204. 

Following method is also available. When the 
display starting signal . DS occurs, usual scanning 
signal and modulation signal are beforehand supplied, 
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so tliat a dirJLve voltiage which can provide a specified 
display state is applied. As a result. It Is possible 
that the anode potential Va stands . up while a 
predetermined display is performed. Even in this case, 
it can be set that the anode potential Va almost 
immediately (within 1 sec) stands up, so that there 
occurs uncomfortable feeling when the display starts. 
(Second Embodiment) 

In FIG. 4 to FIG* 9, the second embodiment is shown. 
In the present embodiment, a constitution of the 
present invention using various circuits will be 
explained in more detailed than explained in the first 
embodiment • 

FIG. 4 shows a block diagram of drive control 
system of display device in the second embodiment of 
the present invention. FIG. 5 shows a timing chart for 
explaining about a drive control . method of display 
device in the second embodiment of the present 
invention . 

A display pane.l 300 has cathodes, gates, and 
anodes, in which the cathode and the gate are connected 
in a matrix manner* In FIG. 4, only electron emission 
device 200 is illustrated, but in fact many elements 
are arrayed in matrix manners . A display like an 
example of the display panel 300 has been already 
explained. So, in this embodiment, the detailed 

explanation is omitted. 
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Tlie display panel 300 Is provided w±tli an eXectr-on 
emxttex at: a cathode which can emit electirons In a 
strate where a voltage Is applied only between a cathode 
and an anode. Therein, display is performed as follows. 
A stop voltage is applied between the cathode and the 
anode, so that electron emission from the electron 
emitter for the anode is stopped « resulting in that 
pixels will lie in dark state whereas a drive voltage 
is applied between the cathode and. the gate, so that 
electron emission from the electron emitter for the 
anode is generated, resulting in that pixels will lie 
in light state. 

A , display panel drive circuit for driving the 
display panel 300 has an anode power supply circuit 304 
for supplying an anode potential Va to an anode, a 
cathode drive circuit 21 for driving a cathode, a gate 
drive circuit 22 for driving a gate, and a drive power 
supply circuit 24 which supplies driving reference 
potentials Vs, Vi for generating a stop voltage and a 
drive voltage which can provide a specified state, to 
the cathode drive circuit 21 and the gate drive circuit 
22. 

Preferably, the driving reference voltage Vi is. 
for example, constituted by three or more driving 
reference potentials for drive of voltage amplification 
modulation (PHM) for gradation display. . 

FIG. 6 is a circuit diagram of the drive power 
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supply. FIG. 7 ±s a c±rcu±t d±agrani o£ a row drive 
circuit (tiere* a cathiode drive circuit 21). FTG.8 a 
circuit diagram of tlxe drive power supply. FIG. 7 is a 
circuit diagram of a column drive circuit (here, a gate 
drive circuit 22). FIG .9 is a circuit diagram of the 
anode power supply circuit 304. Any of these circuits 
is provided with a logic circuit in which an 
operational electrical source is a logic circuit drive 
potential Vcc such as 5 V or 3.3 V- 

A drive power supply circuit 24 shown in FIG. 6 has 
switches 31,32 which turns on/off supply of potentials 
VDD and VEE such as +50 V and -50 V corresponding to a 
control signal RCONT; an operational amplifier 33 with 
a voltage follower, a plurality of resistors 34. The 
drive power supply 24 is a mult i -power supply which 
supplies three negative potentials (Vil, Vi2 , Vi3) to 
the column drive circuit and supplies a scanning 
selective potential Vss to the row drive circuit. 

A row driving circuit (cathode driving circuit 21, 
in this example) shown in FIG. 7 has a vertical shift 
register SR3 5 whose output level is shifted for each 
row in synchronization with a cloclc YCLK, an AND gate 
36 for controlling application of a potential for non- 
selective in scanning in dependence on an enable signal 
YEN, a level shift circuit 37 for boosting its. output 
voltage from low voltages (Vcc to O V) for logic 
circuitry to high voltages (Vss to 0 V) for driving, 
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and a li±9li voX-tage CMOS inverter 38 on tlie output stage 
wh±ch outputs a scanning signal for providing a 
scanning selection potential or a scanning non- 
selective potential. It sliould be noted that tliis 
figure only shows one channel. 

A colx^mn driving circuit (gate driving circuit 22, 
in this example) shown in FIG. 8 has a pulse modulator 
PM3 9 for modulating. digital display image data input 
from the driving control circuit 2 3 into modulated 
potentials, three selector circuits 40, 41 and 42 for 
selectively outputting three modulated potentials Vil, 
Vi2 and Vi3* The selector circuits 40, 41, 42 have an 
AND gate 43 for controlling application of the 
modulated potential by means of an enable signal XEN, a 
level shift circuit 44, and a high voltage stage CMOS 
Inverter 45 on the output stage, respectively. It 
should be noted that this figure only shows one channel. 

An anode power supply circuit 304 shown in FIG. 9 
has a transformer control circuit 46 of feedbacJc 
control type which controls operations of a high 
voltage output transformer 47 in response to a control 
signal PCONT, and a rectifier circuit 4 8 which 
rectifies an alternating current that has been 
transformed into a high voltage. The anode power 
supply circuit 304 is responsive to the control, signal 
PCONT to transform a potential Vaa supplied from a main 
power supply 305 to a high level anode potential to be 
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applied to an anode to output the anode potentxaX. It 
should be noted that the ma±n power supply 305 and the 
anode power supply c±rcu±t 304 may be constructed as 
one circuit bloclc. 

•Turnxng back to FIG. 4, the maxn power supply 305 
supplies the logic circuits In the circuits 21 to 24, 
304 with a driving potential Vcc for logic circuitry 
when the supply plug 26 Is connected to a coizimerclal 
power supply and the main power supply switch 25 on the 
upstream side of power application. As the main power 
supply 305 detects the ON state of the main power 
supply switch 35, it generates a start signal as a 
display starting signal DS in concurrence with the 
detection or after some delay « at a time tlo shown In 
FIG- 5- The ON state of the main power supply switch 25 
also causes the main power supply circuit 305 to supply 
the anode power supply circuit 3 04 and the driving 
power supply circuit 24 with their operational voltages 
that are to be sources for generating the anode 
potential Va and the reference potentials Vs , Vi for 
driving » 

The driving control circuit 23 is a control means 
usually having a central arithmetic processing section 
such as an MPU . The driving control circuit 2 3 is 
arranged to apply the control signal PCONT to the anode 
power supply circuit 304, the control signal RCONT to 
the driving power supply circuit 24, the clock YCI.K, 



enabXe sxgnal yhn and contr-ol signal YCONT for vertical 
scanning to tlie cathode driving circuit 21, and the 
clock XCI^Ks enable signal XEH, control signal XCONT and 
display Image data DATA for horizontal scanning to the 
gate driving circuit 22- 

The anode power supply circuit 304 holds a 
potential of the anode at a specified potential such as 
a zero potential that is sufficiently lower than a 
threshold potential Vth at which emission of electrons 
from the electron emitter can be caused when the 
control signal PCONT is OFF. 

The driving power supply circuit 24 normally 
outputs a zero potential; but it begins to apply 
reference potentials Vs, Vi for driving to the cathode 
driving circuit 21 and the gate driving circuit 22 at a 
time til shown in PIG. 5 when the input control signal 
RCONT is ON under a condition in which the driving 
potential Vcc for logic circuitry. At this time, the 
outputs of the cathode driving circuit 21 and the gate 
driving circuit 22 make the transition from a potential 
indefinite state of high impedance to a zero potential, 
and the same potentials are held between the cathode 
and the gate * 

At a time tl2, when the enable signals XEN^ YEN 
are at a high level, application of high levels of non- 
selective potentials from the cathode driving circuit 
21 to all the cathodes (wirings 211 in the row- 
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di-xrectlozi) is s-ta-irted, and at: the almost sazne t:±me 
app3.±cat:±on of Xow levels of non-selectxve potentials 
from the gate deriving circuit 22 to all the gates 
(wirings 212 in the column-diirection ) is started* This 
will cause a stop voltage to be applied between the 
cathode and gate of the electron emission device 200. 

At a time tl3 after the time tl2, the input 
control signal PCONT is ON, and a high level of anode 
potential Va is started to be applied from the anode 
power supply circuit 304 to the anode. 

At a time tl4 after a certain level of anode 
potential Va has been reached in dependence on a time 
constant of the output side of the anode power supply 
circuit 30 4, the control signals XCONT, YCONT allow the 
electron emission device 200 on the intersection of the 
matrix to be supplied with the driving voltage for 
display. In other words, the cathode driving circuit 
21 starts scanning and starts to supply the display 
panel 300 with the modulated potentials based on the 
display image data DATA from the gate driving circuit 
22. 

In this way, at least one row-directional wiring 

211 is selected and supplied with a zero potential for 
one horizontal scanning period (IH), in synchronization 
with which a great number of column -directional wirings 

212 are supplied with the modulated potentials based on 
the display image data. One frame of image displaying 
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is a.cti±eved by Xxne-sequentdLaXly driving wlier-ein such 
scanning is sequentially performed in tlxe vertical 
direction. In this case, the stop voltages are applied 
between the cathodes and gates o£ the pixels o£ non- 
selected row in scanning and the pixels of a row 
scanned selected in scanning provided with an modulated 
potentials of black displaying data, and the relevant 
pixels are in a dark state. 
( the third embodiment ) 

FIG. 10 and FIG. 11 show the third embodiment. In 
this embodiment, a constitution of the present 
invention using, the various circuits will be described 
more specifically than the first embodiment as is the 
case with the second embodiment. 

FIG.IO shows a block diagram of a driving control 
system of a display device according to the third 
embodiment of the present invention. FIG. 11 shows a 
timing chart for explaining a driving control method 
for a display device according to the third embodiment 
of the present invention. In this embodiment « detailed 
description will be omitted about the same constitution 
and operation as those of FIG. 4 and FIG. 5. 

A different point of FIG.IO from FIG. 4 lies in 
that the cathode driving circuit 21' is connected to 
the column-directional wirings 212 and the gate, driving 
circuit 22' is connected to the row- directional wirings 
211. Further different point is that the gate driving 
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c±rcu±t 22' is suppX±ed w±tli t;tie clock YCLK, enable 
signal YEN and contirol signal YCONT for veirtlcal 
scannxng, and ^he calitiode driving circuit: 21' Is 
supplied wliili the clock XCLK , enable signal XEN, 
con-trol signal XCONT for verHlcal scanning and the 
display Image data DATA. A yet further different point 
Is that the display starting signal DS Is generated 
from the remote operational module 2 7 so as to control 
the driving control circuit 23 In wireless or with wire 
for operating the display device. Particularly, It 
should be noted that the details of the circuits 21'* 
22' and 24* are different in constitution from those of 
the second embodiment mentioned above. 

With reference to FIG. 11, an explanation will be 
about a sequence in which the power supply plug 26 is 
connected to the commercial power supply, the main 
power supply switch 25 on the upstream side of power 
application is In an ON state, and the transition is 
made from a jion- displaying mode for power saving during 
which the driving potentials Vcc for logic circuitry is 
applied to the logic circuits of the circuit to a 
displaying mode . 

Under the condition of the non-displaying mode, a 
display starting signal DS is generated and applied to 
the driving control circuit 23 at a time tlO by 
operation of the remote operational module 27. 

The driving power supply circuit 24 " usually 
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outputs a zero potential, but it begins to apply tlie 
reference potentials Vs , V±l for driving to tlie cathode 
driving circuit 21* and tlie gate driving circuit 22' 
wlien the input control signal RCONT is ON at a time til 
In this case« the outputs of the cathode driving 
circuit 21' and the gate driving circuit 22' make the 
transition from a potential indefinite state of high 
impedance to a zero potential so that the same 
potentials are maintained between the cathode and gate. 

At a time tl2, when the enable signals XEN^ YEN 
are at a high level, a low level of non- selective 
potential is started to be applied from the gate 
driving circuit 22' to all the gates (wirings 211 in 
the row-direction), and at almost the same time a high 
level of non- selective potential is started to be 
applied from the cathode driving circuit 21' to all the 
cathodes (wirings 212 in the column-direction). As a 
result, stop voltages are simultaneously applied 
between the cathodes and gates of all pixels . 

At a time tl3 after the time tl2. when the input 
control signal PCONT is ON, the output from the anode 
power supply circuit 304 is started to maJce the 
transition to a high potential from such a specified 
potential as a zero potential that is sufficiently 
lower than the threshold potential Vth at which 
emission of electrons from the electron emitter can be 
caused. 
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At a ti.ine tl4 aftear a certain level of anode 
potential Va txas been readied in dependence on a time 
constant of the output side of the anode power supply 
circuit 304, the control signals XCONT, YCONT allow the 
electron emitter on the intersection of the matrix to 
be provided with the driving voltage for display. In 
other words, the gate driving circuit 22' starts 
scanning and starts to supply the display panel 300 
with low potentials that have been pulses-modulated 
based on the display image data DATA from the cathode 
driving circuit 21 ' . 

In this way, at least one row-directional wiring 
211 is selected and applied with a selective potential 
(zero potential) for one horizontal scanning period 
(IK) by means of line-sequential scanning of gates and 
the remainder of the row- directional wirings 211 is 
supplied with a non-selective potential (negative 
potential), in synchronization with which a large 
number of column- directional wirings 212 are supplied 
with low levels of potentials that have been pulse- 
modulated based on the display image data. In this 
case, the stop voltages are applied between the 
cathodes and gates of the pixels of non- selected row in 
scanning and the pixels of a row scanned selected in 
scanning provided with an modulated potentials 
(positive potentials) of black displaying data, and the 
relevant pixels are in a dark state. 
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Xn t:ixe above -men 'tioned embodaments , the stop 
voltages may bo realized by contxnulng to provdLde tbe 
modulated potentials based on tlie all-black displaying 
data to the gates or cathodes and f urthejrmox-e 
vertically scanning the cathodes or gates, or by 
contxnulng to provide the modulated potentials based on 
the all -black displaying data to the gates or cathodes 
regardless o£ selection or non- selective b£ the 
scanning lines. Alternatively, non-selective voltages 
may be continued to be applied to all the scanning 
lines regardless of the modulated potentials. Further 
alternatively* the stop voltage may be generated on the 
basis of other potentials than a potential used In the 
display operation such as the scanning selection 
potential, the scanning non- selective potential or the 
modulated potential. 

At the time tl2. Instead of application of the 
stop voltage, application of a driving voltage that can 
provide a specified display condition such as all-gray 
displaying condition or an initial image displaying 
condition may be started once and then the control may 
be made in such a way that the specified display 
condition appears when the anode potential is over the 
threshold value • In this case, the cathodes or gates 
are vertically scanned, and the modulated potentials 
based on the display image data are provided to the 
gates or cathodes. 
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Further-more^ after a time tl3^ following the 
sxtuatlon In wtilch a potential of the anode ±s h±gher 
than the threshold value that can lead to emission of 
electrons from the electron emission device, and then 
following the situation in which application of the 
stop voltage is made by supplying all the columns of 
the display panel 300 with the modulated potentials 
that can show the darkest state while the rows are 
being selected line-sequentially, display operation may 
be performed based on the input display image data 
after a time tl4. Instead of this, after the anode 
potential Va is higher than the threshold value, 
following the situation in which application of the 
driving voltage that can lead to the specified display 
condition is made by supplying a plurality of columns 
of the display panel 300 with the predetermined 
modulated potentials while the rows are being selected 
line^sequentially , display operation may be performed 
based on the input display image data after the time 
tl4 . 

For the modulated potential used in the present 
invention, a voltage amplitude modulation (PHM) in 
which a modulated potential is selected from three or 
more potentials in accordance with a gray-scale display 
level of the display image data, a pulse -width 
modulation (PWM) in which a pulse width for a modulated 
potential is selected from three or more pulse widths 
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In accordance with the same, or a modulation system 
relying on combination of the PHM and PWM can he 
adopted. Particularly^ if the modulated potential that 
is to be applied to any one of the cathode wirings and 
the gate wirings, that is a wiring for a modulated 
signal , is selected from three or more levels of 
potentials, then it is preferable that one of them is 
set as a potential for generating the stop voltage. 

The stop voltage used in the present invention may 
also be generated from a ]potentlal other than the 
potential used in the display operation such as a 
scanning selection potential, scanning non-selective 
potential or modulated potential. 

The display starting signal DS is not restricted 
to a signal indicating an ON state of the main power 
supply switch in the most upstream side of the display 
device nor an output signal from the remote operational 
module for operating the display device in wireless or 
with wire, but may be at least any one of an output 
signal from the central arithmetic processing section, 
an output signal from a computer connected with the 
display device and the like. Additionally, these 
display starting signals DS are preferably in form of a 
return signal Involved in the matter from the non- 
dlsplaying mode to the displaying mode, the return 
signal being generated in the situation that occurs 
when the anode power supply circuit, the cathode 
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driving ciLrcu±1: and the gate driving cir-cuit are 
supplied with at least a driving potential Vcc for 
logic circuitry • 

Alternatively, under the situation in which the 
cathode driving circuit and the gate driving circuit 
are supplied with at least the reference potential Vs , 
VI for driving, the generated return signal (display 
starting signal) indicating a change from the non- 
displaying mode to the displaying mode may be used as a 
trigger and the enable signals XEN, YEN may be 
generated in response to the return signal to make the 
cathode driving circuit and the gate driving circuit 
enable so as to provide the stop voltage. 

Although the application of Vcc has been 
maintained in the non<>displaying mode after the switch 
is turned on, the application of Vcc may be recovered 
after the display starting signal DS is generated in 
the situation in which application of Vcc is broken for 
the anode power supply circuit, the cathode driving 
circuit and the gate driving circuit. 

The electron emission devices for forming the 
pixels, which are used for the present invention, may 
be of top gate structure in which the gate is located 
on the anode side, rather than the cathode side, as 
shown in the figures. However, they may be of bottom 
gate structure in which the cathode is located on the 
anode side, rather than the gate side, and may be of 
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hox^lzontal gate stzr-ucture ±n wlidLch the cattiode ana gate 
are Xocated on ttie same plane o£ the substrate (see 
Japanese Patent Application La±d-Open No. 2002-170483, 
United States Patent Publication No. 20020475139, 
Japanese Patent Application Laid-open No. 2002-150925 , 
United States Patent Publication No. 2> 002 , 074 , 947 and 
so on) • 

In addition , the electron emitters that have a low 
threshold value of electron emission^ used in the 
present invention, are preferably of fibrous nano- 
structure consisting of a semiconductor or conductor, 
or of nano- structure having a carbon material as its 
main, component. Nano- structure specifically includes 
at least one kind selected from carbon nanotube, 
graphite nanofiber, amorphous carbon, carbon nonohorne, 
graphite, diamond like carbon, diamond and fullerene. 

In this way, according to the embodiments, when 
the display starting signal DS is generated, the 
driving control circuit 23 controls the operation of 
the display panel driving circuit in such a way that a 
potential of the anode is higher than a threshold 
potential Vth at which emission of electrons form the 
electron emitter can be performed a predetermined time 
Td after the stop voltage or the driving voltage that 
can lead to the specified display condition is_.s_tarted 
to be applied between the cathode and gate, so that it 
is possible to prevent the occurrence of the 
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undesJLral>le dl±spXay s1:at:e and tne undeslx-able llglxt 
emissXon. 

Add±t:±onaHy , wlien a mater±aX that: lias a vaXue 
close to the electron em±sslon threshold value Is 
adopted^, the present invention can make generalization 
to a control method wherein the undesirable electron 
emission Is suppressed even ±£ the unexpected rise In 
voltage between the cathode and anode occurs , so that 
the present Invention is not restricted to normally-on 
types but can be applied to normally-off types. 

[ Example ] 
( Example 1 ) 

The display panel as shown in FIG. 2 was 
manufactured as follows * 

In a substrate having been sufficiently cleaned^ a 
cathode 202 was formed in arrangement taking the form 
of parallel continuous stripes with a thickness of 
about 1 Mm and a width of 300 /xm in spattering and 
photolithography using an aluminum base wiring material. 

Subsequently r TIN was formed in a portion to be an 
electron emitter 205 on the cathode 202 as a close 
adherence layer and Pd/Co (50 % by weight, 
respectively) was formed on it as a catalyst layer in 
spattering and photolithography with OlO urn. It should 
be noted that otherwise manner can be done in which Fe 
or Ni, or a mixture of them and the above-mentioned Pd, 
Co and so on may be used for the catalyst layer. 
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In t:lie poxt:±on -tlxereon except tlie electx-on emltrter 
205^ SIO2 was foirmed as an inHerfadal ±nsuXa1:ln9 layer 
witli a tbxckness of about: 2 xzm in spattering and 
photolithography • 

Furthermore, as in the case with the cathode 202, 
a gate 204 was formed on the interfacial insulating 
layer in arrangement talcing the form of continuous 
parallel stripes intersecting the cathodes 202 at right 
angles with a thickness of about 0.5 um and a width of 
200 fJLm. 

The gate 204 was then provided with a hole section 
210 with an opening diameter of O20 Mm at a location 
lying right on the electron emitter 205. 

It should be noted that the figure only shows each 
one of the electron emitter 205 and hole section 210 
meintioned above for each electron emission device 200 
but a plurality of emitters and/or hole sections may be 
provided for it . 

Thereafter the electron source substrate 201 was 
sub:) ec ted a thermal treatment in the atmosphere to 
oxidize the Pd/Co respectively^ and then it was put in 
the CVD apparatus and a thermal treatment takes place 
while hydrogen is flowed into the CVD apparatus so as 
to hydrogen -reduce the palladium oxide and cobalt oxide 
and make them to be fine-grained. 

Next, it was subjected to a thermal treatment for 
one hour at 550 degrees Celsius while ethylene is 
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flowed ±ni:o ±t • Namely, by tlie tihezmal CVD, grapli±t;e 
nano' fiber (GNF) liavlng structure in whlcli a great 
number of graphenes are stacKed in a longitudinal 
direction of the fiber as the electron emitters 205 was 
formed on the close adherence layer of TiN by the 
action of the catalyst. It should be noted that 
hydrocarbon gas such as acetylene or methane may be 
used instead of the ethylene, and the similar GNF can 
be formed by appropriately choosing the flowing amount 
of gas, temperature, time and so on. 

The thus manufactured electron source substrate 
201^ a faceplate 206 having been manufactured 
beforehand and ah outer frame 214 were heated at 400 
degrees Celsius in a vacuum chamber which had been 
evacuated at a pressure of 10~^ Pa or less, by using 
glass frits to form an envelope. 

It should be noted that in this case the 
atmospheric pressure supporting structure was formed by 
disposing a spacer (not shown) on the electron source 
substrate 201 in an X-direction so that the anode 
(metal back 209) of the faceplate 206 were opposed to 
each other and held with a gap of 2 mm by the outer 
frame 214 and the spacer. 

It has been found that electron emission is 
performed from the condition of Va = 7 IcV (this, is an 
electron emission threshold voltage between the cathode 
202 and the anode) and the phosphor 208 of the 
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faceplate 206 maJces X±glit emission as the anode Is 
supplied with the potential Va and the anode potential 
Is gradually Increased In a situation where the cathode 
202 of the display panel manufactured In the ahove 
mentioned way Is at O V and the gate 204 Is at O V, and 
that a threshold Intensity of the electrical field of 
the electron emission device 200 is about 3.5 V/Um. 
Furthermore, by application up to Va « 20 kV. the 
intensity of electrical field between the cathode 202 
and the anode is 5 V//Zm to make it to be reliably 
operated as a normally-on type electron emission device 
200. 

In order to check the stop voltage between the 
thus -manufactured cathode 202 and gate 204 of the 
electron emission device 200, the potential Vx applied 
to the row-directional wirings 211 that is a cathode 
202 remains at O V and the potential Vy applied to the 
column -directional wirings 212 being gates 204 is 
gradually increased - Under • these conditions , the 
electron emission could be broken at Va = lo kv in Vy » 
-50 V. Xn other words, it has been found that a stop 
voltage between the cathode 202 and the gate 204 is -50 
V (gate voltage in the case of the cathode side being 
at O V) • 

Then, as shown in FIG. 3^ the scanning signal 
application means 301 were connected to the row- 
directional wirings 211 of the display panel 300, and 
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the inodulat:±on signal appX±ca1:±on means 302 wex^e 
connectdd to the coXumn- directional wirings 212. 

After a predetermined delay time elapse on 
condition that the display starting signal DS outputted 
from the control circuit 303 was made at a high level 
and Vx = Vy = O V is maintained, the electron emission 
was broken by applying Vx s 50 V and Vy -50 V between 
the cathode 202 and the gate 204 o£ the device. It 
should be noted that the emission o£ electrons from the 
electron emitter 205 toward the anode can be broken 
even in the case of only application of Vx « 50 V or Vy 
~ -50 V as mentioned above. 

Then, purposing that Td shown in FIG-1 gets 200 ms, 
a control signal was fed from the control circuit 303 
to the anode power supply circuit 304 to begin 
application of Va = lO kv. It should be noted that an 
electron emission threshold potential (Vth) of the 
anode in the present example Is 7 kV. 

Also the image displaying was performed in a line- 
sequential manner based on the display image data under 
the conditions in which a scanning selection potential 
is at O V, a scanning non- selective potential +50 V, a 
modulated potential for white O V. and a modulated 
potential for black +50 V. 

According to this Example 1« an image displaying 
based on the input display image data could be smoothly 
started without leading, to all-white displaying on the 
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occasion of t:u3rn±ng oh tlie power supply dlur±ng the 
power -on sequence • 
(Example 2) 

As is the case with the Example 1, it was possible 
to form carbon nanotube (CNT) of the structure in which 
the graphene is cylindrical in the known method by 
appropriately choosing the conditions of the catalyst 
layer and the thermal CVD and to similarly obtain an 
electron emission device having a threshold electrical 
field strength of about 3.5 V/im. 

As is the case with the Example 1, application of 
Va = lO IcV led to an electron emission device of the 
normally-on type, and it was found that the stop 
voltage between the cathode and gate at that time was 
approximately -50 V. 

Even in the Example 2, an image displaying based 
on the input display image data could be smoothly 
started without leading to all-white displaying on the 

occasion of turning on the power supply during the 

# 

power-on sequence. 

As above- explained « the present invention can 
prevent a situation in which all-white displaying 
occurs when the anode potential is caused to make the 
transition from the cutoff state to the application 
state in accordance with the occurrence of the display 
starting signal, for example on the occasion of turning 
on the power supply, and can start a natural image 
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displaying. Tlierefor-e « even for a shoart: t±xne, ii: ±s 
poss±l>le to pr-event a plienomenon In wli±cli a usez^ 
xnxsundesrs Hands the £a±lu3re of the devxce and/oir feels 
uncomfortable . 
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